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A Submission to the 


ROYAL COMMISSION ON ENERGY 
(The Borden Commission) 


Concerning 


Production and Gonservation in the Pembina Field 


of the Province of Alberta 


> Devel tele I 
[Introduction 
Labent Lon: 

The purpose of this submission is to inform the 
members of this Royal Commission concerning various aspects 
of production and conservation in the Pembina Field of the 
Province of Alberta with reference to the costs incurred in 
such operations. 


Rarities) ¢ 


This submission is being made jointly by Mobil 
Oil of Canada, Ltd. and Pan American Petroleum Corporation, 
Each of these Companies is registered under the provisions 
of the Companies Act of the Province of Alberta to Carr y.son 
business in this Province, and each is currently engaged in 
producing operations, Between them these Companies have 
some twenty years of experience in the oil and gas industry 
in Alberta where their individual efforts have been rela- 
tively successful. Each has been active in the Pembina 
Field of this, Prevince, since .its discovery, and it was 


felt that they could contribute something of value to the 


Commission's hearing. 
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Scope; 

Thies OL ist ewe uivoe limited to a discussion. of 
production and conservation problems as they relate to 
petroleum and natural gas in the Cardium reservoir of the 
Pemeind Field in the Frevinee of Alberta, with particular 
reference to capital expenditures. There will be consi- 
derable technical evidence given. 

Methods; 

The general format of this brief is set out in 
the table of contents. The geographical location of the 
Freld, the facilities ingtailed, the development phase, 
reservoir performance, primary and secondary recovery and 
gas conservation will be considered, and in each phase 
reference will be made to the large expenditures incurred. 
Reasons for Discussing the Pembina Field: 

The reasons for selecting the Cardium reservoir 
of the Pembina Field on which to base this discussion are 
many © 

Piterivy 16 tag ithe Largest field in Canada, not 
only in, areal extent but in the amount of o11 in place and 
iby GKieS (eWberegre joeviwel@aljeys weehelern 

peconudly, although it is a newly discovered 
field, development drilling is almost completed, and 
producing and conservation problems are paramount. 

thipaly, the geography, geology and reservoir 


characteristics ef the field are such that many, although 
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not all, of the producing and conservation problems that 
are met throughout the Province as a whole are encountered, 
which problems, because of the importance of this field, 
must be met and overcome. 

Fourthly, recent production history has 
introduced problems of conservation that are becoming 
increasingly important, and the solution thereof is absorb- 
ing much thought, effort and money on the part of the 
various operators. 

Fiftthiy, the tield is typical in the manner in 
which lands are acquired and held, and in the tiger a bey of 
ownership thereof. 

Conclusions; 

From the foregoing, it will be seen that few 
Other fields in the Province of Alberta would present the 
variety of problems that have been encountered in the 
Pembina Field, ~At the end of this brief there will appear 
a summary of the costs incurred in development, production 


and conservation operations undertaken by these operators. 
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Geographical Location 


The Pembina oil field is located in West 
Central Alberta, approximately 88 miles west-southwest of 
Edmonton. The field is approximately 35 miles ii & inves 
miles wide. (Exhibit II A). When the original discovery 
was made the area was practically devoid of road or tele- 
phone communications. The North Saskatchewan River divides 
the main development area approximately one third of the 
way north from the southernmost limits of development. 
Generally speaking, the area is one of SeWClv i reddiae hil ls 
densely covered with secondary growth poplar and spruce and 
large poorly drained areas of muskeg. Locally, where the 
Saskatchewan and Pembina Rivers and their tributaries cut 
the field, there are steep escarpments which are saturated 
with water and in most cases are very unstable, The popu- 
lation prior ito field development was limited to the 
inhabitants of a few scattered ranches and the small vil- 
lages of Drayton Valley and Alder Flats. The total popu- 
lation probably did not exceed 1000 people. Railway entry 
to the area, although somewhat distant from the main area 
of development, is by Canadian National Railways to the 
north approximately 25 miles, and Canadian Pacific Railways 


to the south-east approximately 15 miles. 
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EXHIBIT ILA 


GEOGRAPHICAL LOCATION 


Scale |"= 8 miles 
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Leasing Development 


Prior to the discevery of the Pembina Field, 
acreage was held principally in the reservation form. 
(Exhibit III A). This covered 762,080 acres, Subsequent to 
the discovery of oil, and as required by Provincial regula- 
tions, the first reservation areas were converted to leases 
in the central part of what is now the main producing area 
of the £ield. At roughly the same time as this conversion 
tnok place, the Oil and Gas Conservation Board declared the 
Eirst field limite. The picture thus at February 1, 1954, 
broke down to 4,806 lease acres within the field and 
11,088 lease acres outside the limits (refer to Figure III B) 
as chosen by the Oil and Gas Conservation Board. The field 
was developed st a rapid pace with further reservations 
being made available within the field area, and the field 
itself being extended to cover reservations which were not 
considered in the first instance in February, 1954. Effec- 
tives Fenrusry GG.) 1958, the reservation situation within the 
area as delineated by the Oil and Gas Conservation Board as 
Pembina Field has ceased to exist. As shown on 
Exniblesliio Uy the total field area is 369,820 acres af 
which 303,685 acres are under lease, Some 193,580 acres of 


this leased acreage was converted to lease from original 
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Ceservyations, 12,345 acres were held in previous leases, 
and 97,760 acres have been purchased by operating companies 
Prom the Crown at saytotaivcost of $119,729,243.34. The 
balance of the lands are Hudson Bay Grant and drilling 
reservation. As shown on Exhibit III C, this substan- 
tially £1lijs out the area within the designated field. limits, 
leaving 56,000 acres still in Crown lease status. Of the 
original acreage as shown under reservation and which might 
be considered as possibly productive, 215,543 acres have 
been converted to lease status outside the present field 
limits. 

As ad result of this above situation, there are at 
present 74 working interest owners in the field who own 
properties in various combinations, as shown in Exhibit III D. 
Early in the producing history, a committee of operators was 
formed on a permanent basis to deal with such mutual prob- 
lems as might arise. The Pembina Operators' Committee has 
established a permanent staff which compiles and distributes 
pertinent field information on a regular basis to all parti- 
cipants. All major decisions which have been made are a 
result of co-operative efforts of this Committee. The Oil 
and Gas Conservation Board has dealt with field-wide prob- 
lems primarily through this Committee, and has used this 
Committee as a sounding board for discussions of pertinent 


regulations affecting the Pembina Field. 
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OPERATORS IN THE PEMBINA FIELD 


SHOWN WITH THEIR VARIOUS PARTNERS 


Operator 


Pan American Petroleum Corp. 


Mobil Oil of Canada, Limited 


Texaco Exploration Co. 


Canadian Seaboard Oil Company 


Imperial Oil Limited 

Cities Service Petroleum 
Corporation of Canada 

California Standard Company 
Sinclair Canada Oil Company 


British American Oil Company 
Limited 


Humber Oils 


Canadian Seaboard Oil Company 


Plymouth Oil Company 
Ohio Oil Company 


Tennessee Gas Transmission 
Company 


Imperial Oil Limited 


Partners 


Hudson's Bay Oil and Gas 
Company 


Honolulu Oil Corporation, 
Canadian Seaboard Oil 
Company, Merrill Petroleums 
Limited 


Honolulu Oil Corporation, 
Merrill Petroleums Limited, 
Great Plains Development Co. 
of Canada, Ltd., Bailey 
Selburn Oil and Gas Ltd. 


Canadian Superior Oil of 
California Ltd. 


Honolulu Oil Corporation, 
Merrill Petroleums Limited 


Benedum-Trees Oil Company 
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Operator 


Northern Natural Gas 
Producing Company 


Hudson's Bay Oil and Gas 
Company 


Whitehall Canadian Oils 
Limited 


Bailey Selburn Oil & Gas Ltd. 
Canadian Bishop Oil Limited 


Canadian Delhi Oil Limited 


Home Oil Company Limited 
Home Oil Company Limited 


Colmrads sOnmMaman dunGesenltid. 


Cities Service Petroleum 
Corporation of Canada 


Luscar Coals Limited 


PoeEr ole Oi sandeiGacw Coredied. 


Bailey Selburn Oil and Gas 
Limited 


MeCoetiehrontenac Ot!  Covltd. 
Devon—-Palmer Oils Limited 


New Superior Oils of Canada 
Limited 


Partners 


Westburne Oil Development 
Limited, Trinidad Central 


Great Plains Development Co. 
of Canada Ltd., Bailey 
Selburn Oil & Gas Ltd., 
Canadian Seaboard Oil Company 


Umitied | Om ts Limited, Geoil 
Limited 


United Oils Limited, Alminex 
Limited, Geoil Limited 


Canadian Seaboard Oil Company, 
Pan American Petroleum Corp, 


Canpet Exploration Limited, 
Fargo Oils Limited, Carleton 
Oils Limited 


Climax Molybdenum Company, 
Crow's Nest Pass Coal Company, 
Southwest Potash Corporation, 


Consolidated Copper Mines 
Corporation 


Altex Oils Limited 
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Operator 
Sun Oil Company 


Home Oil Company Limited 


Cree Oil of Canada Limited 

Montreal Trust Company 
Phillips Petroleum Company 

Whitehall Canadian Oils 
Limited 

Dome Exploration (Western) 
Limited 


Anglo Canadian Oil Company 
(1955) Limited 


Bailey Selburn Oil and Gas 
Limited 


Carleton Oils Limited 


Champlin Oil & Refining Co. 


Dome Exploration (Western) 
Limited 


Quintis Leaseholds Limited 
Canadian Seaboard Oil Company 
Triad Oil Company Limited 


Whitehall Canadian Oils 
Limited 


EE. CGonistantbine 


Home Oil Company Limited 


Partners 


United Oils Limited, Trans- 
Border Oils Limited, Alminex 
Limited 


Murphy Corporation, West- 
burne Oil Development Ltd., 
Amurex Oil Company, Ashland 
Kroy Oils Limited 


Okalta Oils Limited 


Canpet Exploration Limited, 
Westburne Oil Development 
Limited 


Trans Empire Oils Limited, 
French Petroleum Company 


Merrill Petroleums Limited 


Westburne Oil Development 
Limited 


Foothills, Alminex Limited 


EXHIBIT GLI D 


(3) 


1T ,bsdimed ef¢6 bostn’ 
Ik ,battwid of ?'O mehsod 
bosiwis 


teeW ,solgarveqre> wiaset 
iJ snronvoieved 210 ontud 
idaeA ,vreqee> 110 25 7UuMme 


4 


bejiimit #50 cvaua 


begrwrt slid aslea0 


staid aeidasxolq«S Jounsy 
nemegotievs@ 120 snyvecJesw 
res imad 


thea eonsaal 
ied so ie a | 


sfiin2d ef fG.a 
yaeqHwoD muoligts©% 


flieeew 


4inid anmusiaiis" 


asmyolaeyed [0 sx1ud30e8 
bosimid 


tiotd xeclmIA ,altidiood 


a@ Ill Tia2HKa 


rere enh abe: 
a 4 be - 


bsil@ld sbenad Yo eae 
yang) aeu2t jeacia 


ena eno tae t = eqti ao 
ae 

efio batbans’ tiadoshew 
» batiaht 


ieznsenry noise val gaa anode’ 
batimid 


ynaqwo) 110 estbans® olgaaé 

bosimid (200L) 

ae 

260 ben [50 exudio® yelling 
bestiail 

| t« . 

boeulmtt 2if0 gsotelred 


.e& 


09 gaiorien 4 120 nt igmadd 7 


idvasenee nobisrtol@xd smog | 
shdabat: 


besinis abiodepens ed jarup . 
qmeqmod [10 busedas® per: 


beiimit yasqmod [0. bassr 
_ 

#(10 salbeasd Lisdsatde 
ds anny 


ontanaaenad of 


* ann 


baatwhJt eer 110) 
ipute 


Operator 
Luscar Coals Limited 


Scurry Oils Limited 


Alida Oil Company Limited 


Amurex Oil Company 


Amurex Oil Company 

Colorado Oil and Gas Limited 
Consolidated Mic Mac 

Home Oil Company Limited 
L.D. Smith Development Co. 


New Superior Oils of Canada 
Limited 


Plymouth Oil Company 

Romac 

Scurry Olls Limited 
Canadian Seaboard Oil Co. 

Supertest Petroleum Corp. 
Limited 


Trans Canada Pipe Lines 
Limited 


Trans Empire Oils Limited 
Union Oil Company of Calif. 


UnLeed Obl Ss limited 


Partners 
Mountain Park Coals Limited 


Scurry-Rainbow Oil Limited, 
dapiter O11 Ltd. 


Whitehall Canadian Oils 
Limited, Murphy Corporation, 
Westburne Oil Development Ltd. 
Murphy Corporation 

West Maygill Gas and Oil Ltd. 


Medallion Petroleum Limited 


Foothills, Alminex Limited 


Altex Oils Limited 


Pancan, Gapcan 
Scurry-Rainbow Oil Limited 


Cities Service Petroleum 
Corporation of Canada 


French Petroleum Company 
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Operator 


Anglo Canadian Oil Company 
(1955) Limited 


Home Oil Company Limited 


Mountain Park Coals Limited 
South Edmonton Scrap Metal 


Trans Canada Pipe Lines Ltd. 


Trans Canada Pipe Lines Ltd. 


Whitehall Canadian Oils Ltd. 


Partners 


Bralsaman Petroleums 


United Oils Limited, Geoil 
Limited, Meek-Spalding 
Syndicate 


liiuvsear Goals Limited 


New Concord Development Corp. 
Ltd., Okalta Oils Limited 


buscar Coals Limited 


Trinidad Central 
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Developments 


After the completion of the discovery well in 
the middle of 1953, a number of wells were drilled across 
the field, spaced at least 4% miles apart in accordance 
with regulations which limit development until after reser- 
vation has been converted to lease, 

The selection of leases having been made, 
development was first concentrated in the central field 
leases, and batteries were built for collecting and gauging 
the oil and gas. The normal 40-acre spacing pattern was 
considered unnecessary by the early operators for the proper 
drainage of the reservoir, and, following discussions and a 
hearing before the Conservation Board, approval was granted 
to develop the field on 80-~acre spacing. 

All produced oil was taken out of the field by 
trucks at a cost ranging from $.75 to $1.00 per barrel 
until Pembina Pipe Line first started taking oil towards 
the end of 1954, when the oil was pumped directly from the 
Field to the pipeline terminal in Edmonton, At the present 
time some oil is still being trucked from isolated 
locations, 

As the development of the field extended, the 


operators encountered variations in sand thickness 
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and quality. It was considered that 80-acre spacing was 
not justified in the areas of poorer sand development, and 
following further discussions and a hearing before the 
Conservation Board, 160-acre spacing was established on 
the western side, and also extended at a later date to the 
capbermisideschuthe sfielid. CEMHIRLEeELI GC). 3 

The expansion of activities was rapid, as is 
shown in the following tabulation of drilling rigs in 
operation and wells completed for production, at half year 


intervaletraChxhibitrtLVcA)% 


Driibing (Rigs Cumulative Wells 
in Operation Completed 
1954 End 25 La5 
1955 Middle 44 500 
End 40 796 
1956 Middle i LoL 
End 37 1676 
1957 Middle us 1958 
End dee 2070 


The spring thaw each year forces a drastic reduc- 
tion in activities, due mainly to road bans, for about one 
to two months. All drilling operations and movement of oil 
by road trucks necessarily comes to a standstill during 
these periods, Also periods of extreme cold in winter and 
unseasonal rains at other times have caused cessation of 
activities. In consequence of the above, major construction 
and pipeline work normally has to be concentrated during the 


Summer months, 
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On the other hand, part of the field area is 
covered by muskeg, and where this is fairly extensive and 
deep, it is usual to drill the wells and make the access 
roads during the winter when the muskeg is frozen. 

Aside from these above handicaps, no unusual 
problems were encountered in the actual drilling operations. 

The main feature of the completion of the wells 
is the need to fracture the producing formation in order to 
obtain a satisfactory productive capacity of the wells. 
These fracture operations have to be carefully engineered 
and supervised, and are a major item in the development 
costs, The average cost of the treatment is about $5,000 
per well, and as nearly every well in the field has been 
fractured at least) onee, the tetal cost for'2,000 wells 
would be around $10 million. 

As soon as a well ceases to make its allowable 
production by natural flow, pumping units become necessary 
toe raise the gilita they euriace. This occurred fairly 
early in the life of ‘the flelds Gas engines were initially 
used to operate the pumping units. The internal combus- 
tion engines were then replaced with electric motors as 
electrical power was brought into the field. 

The unstable nature of the terrain necessitates 
costly installation of pumping unit bases. In some areas, 
this invelyed; driving piles in the’ construction of founda. 
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Drilling Rigs In Operation 
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Facilities 


As the development of drilling progressed in 
the field, it was necessary for the operators to construct, 
at considerable cost, facilities such as roads, pipelines, 
housing, communications, etcetera, In addition, the 
Provincial Government has constructed a main highway, 
brought in 27 miles from the Edmonton to Jasper highway, 
and a high level bridge spanning the North Saskatchewan 
River. The latter replaced a ferry service, which could not 
be operated during the freeze over and break up periods, but 
could be replaced by an ice bridge during a cold winter. 

The oil companies have built, at a cost of $6.2 
million, 4 network of roads to serve their leases, total- 
ling 450 miles, of which 300 miles are on Government road 
allowances. In addition to this, the oil companies have 
built about 430 miles of access roads into wellsites and 
tank battery locations at a cost of around $5.5 million. 
In certain muskeg area costs per mile for roads constructed 
have been as high as $35,000 -- three times normal costs in 
the field area, 

Communications with field operations, both from 
an efficiency and a safety aspect, were complicated due to 


the rapid development program, which for the major operators 
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was widely scattered. Telephone service could not keep 
pace with this program, and the operators used radio com- 
munication extensively. This was not a major cost, as for 
two of the larger operators the total cost has been 
$45,000, but it was an important facility in aiding the 
efficiency of the operations, 

Calculated on the basis of the personnel 
employed by the majors, it is estimated that the oil com- 
panies employ about 700 men in the field area in producing 
operations, This figure is supplemented by all the 
contractors who do nearly all the’ drilling, all the cement-— 
ing, fracturing, well logging, perforating, construction, 
and the majority of the road-building, oil trucking, and 
well servicing, and the equipment supply houses, There are 
also a large number of minor contractors directly involved 
in the development operations, At the present time it is 
estimated that there are about 10,500 inhabitants in the 
oilfield area, of which only a very few are farmers, 
Additional personnel will be required for the operation of 
the gas conservation project now under construction. A 
portion of these personnel are temporarily stationed in the 
field in connection with development and construction faci- 
lities, and will leave the area when these activities are 


concluded. 
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At the height of the drilling phase there were 
about 60 drilling rigs in operation in the field, which 
required about 1000 men to operate them. These rigs rep- 
resented a capital investment of about $20 million. 

Another major contract service was oilwell ce- 
menting and fracturing, and these services at the height of 
activities employed some 300 men, operating equipment which 
represented a capital investment of some $4 million. 

In the early stages of the operation, personnel 
were housed in temporary quarters at considerable expense. 
With the increase in scope of operations, with the accom- 
panying increase in personnel, it was necessary to provide 
permanent facilities such as houses, workshops, etcetera. 
The cost of this had of necessity to be borne by operating 
companies and contractors as the area was unattractive to 
private investors and lending institutions. The main 
development was concentrated in the Drayton Valley area and 
a subsidiary development in the Buck Creek area, In addi- 
tion, the operating companies found it necessary to 
construct permanent housing in scattered field areas to 
provide supervision in these areas. As a matter of fact 
providing permanent housing was essential to the attraction 
of the personnel required to operate in the area. 

These facilities are estimated to have cost 
about $4 million, which of course does not include the 


commercial centre, or private residences. The housing, 
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office and workshop facilities provided by the cementing 
and fracturing contractors is estimated to have cost $0.5 
million. 

There is a further large investment in pipeline 
outlets and electrical power. The crude oil pipeline in- 
volves a system for gathering the oil from the tank 
batteries of the operator, collecting it at a central point, 
and then transporting it through the main pipeline to a ter- 
minal at Edmonton from where it can be sent to the west 
coast, the east, or to local refineries. The capital 
investment in this system was about $22.0 million. The 
pipeline system has a capacity to handle 150,000 barrels 
gaily. (Exhibit I1 A). 

Cost of a transmission system to bring electric 
power to the field, together with a distribution grid, 


entailed the expenditure of approximately $4 million. 
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The Reservoir 


The Cardium Formation is the main reservoir for 
the Pembina Field and occurs in the Colorado Group of Upper 
Cretaceous Age. Minor reservoirs occur at lesser and 
greater depths but in view of their small size are not con- 
sidered in this submission. At the top of the producing 
formation there is a conglomerate, which is extremely 
erratic in deposition and variable in thickness, and of 
minor importance as a reservoir. Below this is the upper 
Band, which is the main reservoir, and varies in thickness 
up to 25 feet. This is underlain by a shale member approxi- 
mately 20 feet in thickness, which in some areas develops 
over its upper part into a good sand. The basal member is 
a lower sand of approximately 10 to 15 feet in thickness. 

EXhRibit VI A is a2 contour map on the top of 
porosity of the Cardium. It shows the general direction in 
which the beds dip to the southwest, with a variation of dip 
from 30 feet/mile in the northeast of the field to 60 feet/ 
mile in the southwest portion of the field. The varying 
thickness of the net productive formation is shown on 
Exhibit VI B. The trend of the sand to disappear as a 
productive formation to the northeast and east is indi- 


cated, and a tendency to become progressively thinner to 
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the south-west until it is no longer economically produc- 
tive. These trends are further demonstrated by a southwest-— 
northeast cross section shown in Exhibit VI C. 

Due to the above mentioned dip, the Cardium is 
encountered at depths varying from 4600 to 5800 feet across 
the field. 

It is necessary to establish, from an engineering 
standpoint, certain limits within which the sand character- 
istics would be considered to have economic possibilities. 
These limits are set by the porosity and permeability of the 
sand, giving a minimum figure of 0.1 millidarcy permeability 
and 9.0% porosity. The reservoir did not originally contain 
free gas nor has the oil column been found to be underlain 
by water. The oil was at a pressure above that at which the 
gas would come out of solution from the oil. The original 
reservoir pressure at a datum of 2300 feet subsea was about 
2740 psig. The pressure at which the gas comes out of solu- 
tion in the oil varies, but averages 1760 psig based on the 
analyses of samples collected at different points in the 
field. The gravity of the oil varies over a range of 
several degrees, with an average of 37.1° API. The forma- 
tion water, generally considered unproducible, is low, and 
an average figure for the field has been reported to be 
10.5%. The average producing gas-oil ratio during the 


first six months production for various areas showed some 
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variation, but the majority of the central part of the 
field gave an average producing gas-oil ratio of less than 
500 standard cubic feet per barrel. 

The viscosity of the oil in the reservoir is 
fairly low and is around 1.2 centipoises at reservoir 
pressure and temperature. A survey of the whole field area, 
comprising some 370,000 acres, has indicated that there are 
295,000 acres which may presently be considered to be proven 
as economically productive. This proven area has the fol- 


lowing average sand characteristics; 


Effective formation thickness .;. «. é oe eet: 
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Raxinkase Factor. Thon "Madi Ra'a sm uc 0,76 


These factors indicate that there were originally 


4,200 million barrels of stock tank oil in place attribut- 


able to the said 295,000 proven acres, 
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Reservoir Performance 
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Since its inception to November, 1957, the 
Cardium Reservoir of the Pembina Field has performed as 
shown on Exhibit VII A. The cumulative production of oil 
from 2075 wells in the period July, 1953 to December, 1957, 
is 85,970,000 barrels. During this period of oil produc- 
tion, there has been a moderate and steady increase in gas 
production from approximately 400 standard cubic feet of 
gas per barrel of produced oil in the initial phases of 
production to the December, 1957, average of 904 standard 
cubic feet per barrel of produced oil. The reservoir pres- 
sure has declined from its initial 2740 psig to the October, 
1957, average of 2025 psig measured at a datum of 2300 feet 
below sea level. This performance is normal and antici- 


pated for this type of reservoir. 
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Primary Production 


The term "primary drive" is applied in the oil 
industry to the various types of mechanisms by which an oil 
or gas reservoir is produced when using only the energy 
available in the reservoir. If the producing mechanism is 
changed by the injection of gases or other fluids into the 
Me aatrate ace esne the recovery, or the rate of production, 
the reservoir is no longer considered to be producing by 
primary drive, The term “primary production" is used to 
describe both the operation of a reservoir under primary 
drive, and the amount of oil and gas that will be recovered 
with the primary drive mechanism. 

There are several different kinds of primary 
drive, such as dissolved gas expansion drive, water drive, 
expanding gas cap drive, and others. These primary drives 
vary widely in their individual effect on the producing 
rate and amount of oil or gas produced by a reservoir. It 
is generally necessary to analyse a reservoir thoroughly 
and obtain some production history, with attendant reser- 
voir performance data, to determine the particular type of 


primary drive which is operating in that reservoir. 
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After detailed studies had been made and after 
some production history had been obtained, it was deter- 
mined that the primary drive for the Pembina Cardium reser- 
voir was the expansion of the oil followed by the type 
known as the dissolved gas expansion drive. Under this type 
of drive, oil is driven to the producing wells by the expan- 
sion of the oil and of the gas dissolved in the oils; the oil 
and gas remaining in the reservoir expand when oil and gas 
are removed from the reservoir through producing wells be- 
cause their removal reduces the pressure in the reservoir. 
It is evident that the oil and gas expansion force is a 
progressively decreasing force throughout the producing life 
of a reservoir with this type of drive. A reservoir gener- 
ally produces a much smaller amount of oil with an oil and 
disolved gas expansion drive than it would if one of the 
other types of primary drive was operating the reservoir. 

Due to variations in sand characteristics and oil 
characteristics throughout the widespread Pembina Cardium 
reservoir, it is indicated that under primary drive the 
recovery of the oil in place in various portions of the 
Pembina Field will vary from about 5% to about 20%, with the 
overall field average being about 12%. 

In order to illustrate the economics of a typi- 
cal producing operation in the Pembina Field under primary 


drive, and to permit a comparison with a subsequent section 
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in this submission dealing with pressure maintenance opera~- 
tions (Section IX), there is presented herewith a brief 
picture of the operation of a 160-acre tract in the 80-acre 
spacing area of the field, which tract has an assumed rec-— 
overy of approximately 12% of the oil in place. 

In order to acquire the 160-acre tract, an 
operator would have to obtain it either through the reser- 
vation and lease procedure previously mentioned or through 
purchase at a public sale of Crown acreage. The average 
purchase price of the Grown acreage sold at Pembina is 
approximately $1,200 per acre. Although it is difficult to 
assess the price of acreage obtained through the reserva- 
tion and lease procedure, it is evident that a company 
employing this procedure must spend considerable amounts in 
obtaining and processing (including seismic work, geological 
studies and exploratory drilling), many unproductive reser- 
vations and leases, in order to obtain productive leases, 
and, in the final analysis, the productive leases must carry 
the load of all monies expended in the effort, It is the 
considered opinion, based on experience of the companies 
presenting this submission, that the price of $1,200 per 
acre is a close approximation of the cost of productive 
acreage at Pembina obtained through the reservation and 
lease procedure. Incidentally, the cost of $1,200 per acre 


is also a cost of approximately $0.57 per barrel of primary 
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oil reserves for the typical 160-acre tract considered 
herein, and this cost appears to be confirmed reasonably 
well by the cost of $0.50 per barrel acquisition cost for 
the Canadian oil industry as presented by the Canadian 
Petroleum Association in its submission to the Borden 
Commission. The total cost to the average operator, there- 
fore, of acquiring a 160-acre productive tract in the 
Pembina Fi¢gld is taken te, be 160 x $1,200, or $192,000, 

The operator is next faced with the necessity 
of drilling and equipping two wells. The average cost of 
drilling and equipping a well has been approximately 
$65,000. Each well logically must be assigned its share of 
costs for a tank battery, road facilities, housing for emp- 
loyees and other related investment costs. Total investment 
costs expended in the field to date on such facilities have 
been found to average approximately $25,000 per well. In- 
vestment for a pumping unit must also be made very early in 
the producing life of a well; this investment item averages 
$10,000 per well. The total of all these costs is $100,000 
per well, or $200,000 for the two wells on the 160-acre 
EEACEs 

In summary, it has been shown that the operator 
must invest approximately $392,000 on this 160-acre tract 


before commencing to obtain revenue from oil production. 
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The "average well" in the Pembina Field was com- 
pleted in the middle of 1956, and this point was selected 
as the start of production for the typical 160-acre tract 
under consideration. The wells are predicted to have a 
producing life of approximately 184 years, as shown on 
Exhibit VIII A, during part of which time they are being 
restricted in production by market outlet. During the life 
of the wella, they will produce a total of approximately 
335,000 barrels of oil with a gross value, at an estimated 
average price of $2.61 per barrel, of $874,000. The opera- 
tor, during this period, will pay to the Crown approximately 
$80,000 in royalty and will spend approximately $276,000 in 
operating costs, leaving a net income after deducting his 
initial investment and before taxes of approximately 
$126,000. In addition, the operator will obtain an esti- 
mated net income of $12,000, before taxes, from the gas 
produced in conjunction with the oil. This results in a 
total net income, before taxes, from both oil and gas, of 
$138,000 over the 18% year life of the wells. The payout 
time, before taxes, of the initial investment is approxi- 
mately 7 years and the annual rate of return on the 
initial investment, before taxes, about 7%. No attempt is 
made here to present the after tax picture for the opera- 
tor of this typical tract because the tax position of all 
the operators in Pembina is so widely diversified that no 
tax position could be presented that would be representa-— 


tive. 
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EXHIBIT VIIIA 
PREDICTED PRIMARY PRODUCTION 
_ FROM TYPICAL 160 ACRE TRACT 
CARDIUM RESERVOIR PEMBINA FIELD 
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Pressure Maintenance 
ee 


The low recovery efficiencies in withdrawal of 
oil from the reservoir which a dissolved gas expansion 
drive mechanism would give, was foreseen at an early date 
in the history of the field. The major operators in the 
field, therefore, started intensive research programs to 
analyse the data obtained from the formation cores and 
fluid analyses, and investigated in their laboratories the 
applicability, for the Pembina Cardium reservoir, of various 
preven methods of increasing the recovery of oil. 

The results of this laboratory work, which had 
been started early in 1955, indicated that water flood opera- 
tions could be economically attractive in the major part of 
the field, whereas gas flooding would have economic applica- 
Cisaein restricted parts ef the field. 

In April, 1956, one of the major operators 
initiated water injection tests into the Cardium reservoir. 
After several months of testing had de§monstrated that 
water in satisfactory quantities could be injected, this 
project was expanded to include eight injection wells. A 
second major operator initiated water flood operations in 
November, 1956 and extended the flood to cover 13,440 acres, 


Ox nearly all its holdings. A third major operator initiated 
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water flood operations in December, 1956 with a pilot scheme 
in which water was injected into six wells. Also, other 
Operators commenced injection in 1957, and by the end of 
that year approximately 25,000 acres were under flood. 

The three major operators mentioned above had 
made extensive studies over a total of approximately 22,400 
acres of properties which they held,and which they consi- 
dered to be the most suitable for water flooding. These 
studies indicated that they could expect, for the properties 
considered, a 2 to 3 fold increase in oil recovery through 
pressure maintenance by water flooding as compared to 
expected oil recovery by primary methods. The operators, 
with the approval of the Conservation Board, established a 
standard pattern of flooding which would convert each alter- 
nate line of wells on an 80-acre spacing pattern into water 
injection wells, as shown for a section of the field on 
Exhibit IX A. The supply of water was a problem which re- 
quired very careful analysis. It was found by the drilling 
of a large number of test wells that suitable underground 
water’ supplies were limited in some sections of the field. 
Therefore, an alternative supply from the North Saskatchewan 
River was studied, and after extensive investigation, it was 
determined that sufficient quantities of water could be 
obtained from the river and subjected to treatment which 
would render it suitable for injection into the Cardium 


reservoir. 
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As a result of this work, two basic methods of 


water supply have been evolved: 


a. Each injection well is supplied by an adjoining 
shallow water well, from which the water is pumped, 
treated as necessary, and pumped under pressure 


down the injection well into the formation. 


b. Water is collected from the river, treated and 
distributed to water injection stations where it is 
pumped under pressure through line to individual in- 


jeation mwella: 


In the latter case, the nature of the water and 
its content of impurities has necessitated the construction 
ef very costly water treatment plants. In addition, the 
distance of the river from the acreage served has necessi- 
tated the construction of extensive and costly water 
distribution systems. Corrosion protection measures and the 
burying of lines to abnormal depths to prevent freezing, in 
some instances over 8 feet, have contributed significantly 
LO the cost of the systems. 

The various water flood projects installed to 
date are proceeding satisfactorily. Performance of the 
pilots and the full scale projects to date has indicated, 
among other things, that, for the areas at present being 


flooded: 
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(1) A satisfactory flood mechanism can be established 
using water to raise or maintain the pressure in 
the formation, and thereby prevent unnecessary gas 
coming out of solution in the reservoir with an 


attendant wastage of natural energy, and 


(2) With careful control there is no early breakthrough 
of water from the injection wells into the produc- 


ing wells. 


Knowledge of the detailed characteristics of an 
underground reservoir is always very little in view of the 
fact that only the formation characteristics in the well 
bore itself (a cylinder of about 7 to 9 inches in diameter), 
are known. Data obtained from a close analysis of the forma- 
tion encountered in this cylinder, combined with information 
obtained from surrounding wells, is used to deduce the nature 
of the reservoir for an entire 80 or 160-acre area. 

Since the formation characteristics change from 
point to point, and since the wells have had to be frac- 
tured to increase their capacity, there are a number of un- 
known factors in the Pembina Cardium reservoir which can 
drastically affect the efficiency of fluid injection pro- 
jects; consequently, it is only by actual field operation 


that the efficiency of the projects can be determined. 
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Although laboratory investigations have indi- 
cated that the oil recovery from the Pembina Cardium 
reservoir can be considerably increased by water flood 
operations, and although performance to date of the pilots 
and full scale flood projects tends to substantiate the 
laboratory findings, a very appreciable amount of additional 
performance data will be required to establish that the 
flood operations will perform as expected.in view of the factors 
discussed above, it should be recognized that the operators 
have embarked on a costly high risk venture in an attempt to 
increase recovery from the Pembina Cardium reservoir. 

A pressure maintenance project by water flooding 
in an area of the Pembina Field which has already been fully 
developed for production, and which does not require the 
drilling of injection wells, since one well in every two 
will be converted to a water injection well, has been esti- 
mated to cost about $160 per acre with all facilities. 

These include the water supply with injection lines and 
pumps, and equipment to treat any produced water. 

Based upon present understanding of the réservoir, 
it is estimated that there are about 140,000 acres suscept- 
ible to water flooding, which would cost about $22.5 million 
for the initial installation. It is considered probable 
that the initially installed facilities will have to be re- 
placed completely every 15 years during the life of the 
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In Section VIII of this submission, there was 
presented a brief picture of the primary operation of a 
160-acre tract in the 80-acre spacing area of the field. 
There is presented herewith a brief picture of this same 
typical tract produced under the operation of pressure 
maintenance by water flooding. Under this operation, one 
of the two producing wells on the tract is converted to a 
water injection well, and the remaining well is used to 
produce all the recoverable oil under the tract. 

Lt is arbitrarily assumed that the typical tEract 
which has been selected for this study will have an ulti- 
mate recovery of 30% of the oil in place for this operation, 
and based upon a starting date of January, 1959, as being 
the average for all pressure maintenance schemes, it is 
estimated that about 36 years future life will be required. 
This life estimate is based on the present provincial allow- 
ables, the existing proration system and predicted well 
producing capacities. The predicted production history of 
this tract is shown on Exhibit IX B. 


The other factors which have been used are: 


a. A similar basis of well costs and land acquisition 


as shown for wells under primary operations. 


Be Aveget of S160 per acre for the installation of the 
pressure maintenance facilities in an area which has 
been fully developed for production. This amounts 


ta $26,000 for a 160-acre tract. 
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ec. The replacement of all tangible water flood and 
operating equipment every 15 years during the life 


Gin chest iosd. 


d. An operating cost per year for each producing well 
and each injection well similar to that shown under 
primary operations, 

e. An estimated average price of oil of $2.61 per 


barrel. 


Using the factors set out above, it is indicated 
that the said tract will produce during its life a total of 
829,000 barrels of oil with a gross value of $2,164,000. 
The operator, during this period will pay to the Crown 
approximately $ 220,000 in royalty and will spend approxi- 
mately $535,000 in operating costs, leaving a net income 
after deducting his initial and replacement investment, but 
before taxes, of approximately $892,000. In addition, the 
operator will net an estimated income of $12,000, before 
taxes, from the gas produced in conjunction with the oil. 
This results in a total net income, before taxes, from both 
oil and gas, of $904,000 over the 384 year life of the 
tract. The payout time, before taxes, of the initial in- 
vestment is approximately 5.3 years and the annual rate of 
return on the initial and replacement investment, before 
taxes, is about 17.7%. As in the case for primary opera- 


tion, no attempt is made here to present the after tax 
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picture for the operator of this typical tract because the 
tax picture of all the operators in Pembina is so widely 
diversified hetedc tax position could be presented that 
would be representative. 

In view of the wide range of reservoir condi- 
tions which exist in the Pembina Field it has been previously 
estimated that less than half of the ultimate developed area 
will be adaptable to pressure maintenance by water injection. 

Furthermore, in the area of pressure maintenance 
Operations there will be a wide variation in the degree of 
response to water injection such that the financial return 
for various properties will be both less than, and in some 
cases greater than, that estimated for the above typical 
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Gas Conservation 


Introduction: 

Serious consideration was first given the matter 
of gas conservation in the Pembina Field during the latter 
part of 1955, Subsequently, various plans of conserving gas 
were evaluated by the Pembina Operators, and these evalua- 
tions culminated in the Operators adopting a plan which 
received approval by the Oil and Gas Conservation Board in 
Augusty 19575 “The approved plan is currently under ‘const~ 
ruction and is scheduled to be placed in operation by about 
November 1, 1958. 

The Pembina gas conservation project is by far 
the largest project of its kind yet instituted in Canada. 
hema Matter or act Put tis )"in many “respect's the largest “such 
project ever instituted in North America. Considering the 
magnitude of the project and the various problems associated 
therewith, as hereinafter discussed, it will be appreciated. 
that the Pembina project, scheduled to be placed in operation 
only three years from inception, is a notable example of the 
cooperative efforts of the producing segment of the industry 
and conservation authorities. 

It is the purpose of the discussion which follows 


to provide an insight to the various events which occurred 
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relative to this matter; the problems with which the 
Operators were confronted; the manner in which these prob- 
lems were resolved; the description of the plan which was 
adopted; the reasons for its adoption; and, pertinent fin- 


ancial aspects of the plan. 


General: 


It is recognized by the industry and by the 
conservation authorities that early in the producing life 
of an oil field a certain amount of gas wastage must be 
tolerated. However, they recognize that at such time as an 
oil field has been reasonably delineated and sufficient 
producing history has been obtained to permit a reasonably 
accurate forecast of gas production, consideration must be 
given to the economic feasibility of conserving the gas. 

By the) latter® part) of) 1955° some 685" welle in’ the 
Pembina Field were on production. While the field was then 
only partially developed, development had proceeded to the 
point that Pembina was recognized as one of the major oil 
and gas reserves in Western Canada. At that time, all gas 
produced in conjunction with oil, over and above that re- 
quired for lease fuel, was being flared -- averaging about 


38 million cubic feet per day in October of that year. 
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Initial Discussions With Conservation Board: 

The Oil and Gas Conservation Board, in October 
of 1955, advised the Operators through the Pembina Operators 
Committee, that it desired to meet with them to discuss the 
matter of gas conservation in the Pembina Field. 

At a meeting of November 8, 1955, the Board re- 
viewed with the Pembina Operators a preliminary study of the 
economics of conserving gas which had been prepared by the 
Board's staff. On the basis of this study, which, of 
necessity, was predicated on numerous assumptions, the 
Board concluded that a gas conservation might be economically 
feasible. The Operators were, therefore, informed that 
detailed studies should be initiated immediately to deter- 
mine whether a gas conservation project would be reasonably 
economic -= all to the end that if feasible; an acceptable 
plan could be implemented early in the life of the field. 

The Operators advised that they had given the 
matter some consideration and agreed that they would under- 
take the suggested detailed studies. 

The Operators then outlined to the Board the 
comprehensive nature of such studies and the factors, as 
listed below, that would require detailed investigation 


before a realistic plan could be formulated: 
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Markets: 
(a) For Residue Gas -- Ascertain possible outlets, 
saleable quantities, quality, delivery conditions 


and prices. 


(b) For Liquid Products -- Ascertain to what extent 
the LPG's and natural gasoline might be marketed, 
probable methods of transportation and selling 
prices. 

Storage: 

In anticipation that markets would not exist for all of 

the available liquid products and residue gas, investi- 

gate; 

(a) FPossible location of a suitable storage reservoir. 

(b) The economic aspects of providing storage and 
probable costs of marketing stored products in the 


Bre wre. 


Quantities of casinghead gas to be handled which would 

depend upon: 

(a) .Thevsanticipated sil producing «rates fxrom,:the field 
over an extended period. 

(b) The trend of future gas oil ratios (GOR's) through- 
out the field. 

Economics of alternate plans for gathering and process- 


ing the produced casinghead gas. 
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The Operators then apprised the Board of some of 


the basic problems with which they were then confronted and 


which, to say the least, would serve to complicate their 


investigation of the above mentioned factors; 


a 


Pressure Maintenance Prospects: 
a RT ER SR A RE AS SS a RT EE SA TT 


Several of the Operators had for some several months been 
studying the application of several pressure maintenance 
mechanisms in the Cardium reservoir. Such studies, 
covering both gas injection and water flood, were still 
in progress and no final conclusions were yet available 
or were likely to be available for several months. 

It was pointed out that should either gas injection and/ 
or water flood appear feasible, on the basis of these 
studies, then it would be necessary to institute pilot 
tests in the field to determine the effectiveness of 

such operations. Should these pilot tests prove success- 
ful and dictate institution of some pressure maintenance 
program on a large scale, such would have a very signi- 
ficant effect on the quantities and quality of the 
casinghead gas produced, and in turn, on the availabi- 
lity for sale of liquid products and residue gas. In 
brief, it was pointed out that until the question of 
recovery of oil by pressure maintenance was reasonably 
resolved, it was difficult to anticipate the type and 
size of facilities required to gather and process the 


produced gas. 


a 


y amor 30, b adetacies ais exesaxoqo edt 
ae 
uy ae cota — ssw yon? 4 Sina date ant dna 


aias S¥ebPiliqmes o: svvbe bia _ieae! ay wea 


t21>3oe% bswolinam avods sia Fs ieee 
oan 


ead + qeord “ In Fae 2 nigh scudenst 
I 
aijgomr Insevee amos ini bad evbsarxeqO aft Yo in yevar 

MOAetT VS Stuasevre FTatravar A neiiasilyaqs adi gniybvse : 


t 


ePetbuse dav ,xisvisess authasd sda ot emelvedose 


i2@ swsw ,bovii 295 OL S69, at hg hiaod aniisves 

Cealiéva dev sexew anc | fenti on brea seoTu0OTY nt 
ethdace Ag9Vo 10 io &Y ud oF lsat! stvaw yo 

® aeoisse(nl sha weds: ; : tse batlaiog zebw At . 


7 : ” 
aged) Yo aiead ari , lieSs? weasqqa hooli wibw 7a 7 
; 
O1f@ S307) 3e@0! aa wi 14¢32H-S¢ fuow i nota ,#@9rbuge 
18 aAesSinhviise3 74 a 16395 a7 bial? gdvy ni £yans x 
39 @¥voTd 7297 43 ‘¢ S@493 Dbiuedé .@n0l3e3zs¢0 toes 
SAO3elam etegasty amoe to aotivsbtert eieiolb bara Tad 


agla Yray nan sever | ay of , 9g746] 8 WO WH4g079 
~ a 
efi 36 YITI bop ne SSistingey edz fa sogtas gneok? - 
f@eiiagve adi no .nius ni bj be2uberqg eBay bsondantas>. 


mL 283 Sueseaayr bai foube Yq bhuplt Yo -slksa seg yar 
a 

360 mobeseeup of) Litus 4 Juo bointog S66 gi ‘setae 
[doreres 2GW SOnkBD I NIB Tua Ror” va lio aa Yiavesst 


—— S42 sieg¢icioas o1 *luatttib she ar, vbsvs oz 


* — bee 2c iszy of yestupsx ea} 4t 2a) to 9 


Early Stage of Field Development: 


With regard to the matter of appraising means of con- 
serving the produced gas or the initiation of a pressure 
maintenance program, it was emphasized that the field 
was at that time only about 1% depleted on the basis of 
expected recoverable reserves (or 17/5. et. 1% wi the 
estimated oil in place), and the field was only 15% 
developed. Consequently, the Operators were Spill in 
the early stages of collecting data and analyzing reser- 
voir characteristics. This matter was further compli- 
cated due to the large amounts of acreage still held in 
the field by the Crown. With this situation existing, 
studies were handicapped because the free exchange of 
information between Operators was not possible while 
bidding for the purchase of Crown acreage was still in 


progress. 


Shortage of Technical Personnel: 


Inasmuch as the operating companies had not, to date, 
been engaged in the gas business in Canada to any 
great extent, there was a shortage, within the local 
organization of most of these companies, of personnel 
that possessed the necessary qualifications to handle 
a gas conservation project of this magnitude. Conse-= 
quently, it would be necessary that additional per- 


sonnel be obtained in the near future, and, to some 
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extent, draw upon the talents of other qualified 
personnel which were located in the offices of affi- 


liated companies outside of Canada. 


The Board indicated that it was appreciative 
of the problems and they recognized that a year or so might 
be required to properly resolve these matters. However, the 
Board emphasized that its prime concern was that the 
Operators make a concerted effort to study the matter of 
gas conservation. It was agreed that the Operators would 
submit to the Board in approximately six months a prelimi- 


mary repert on their pregress in these matterss 


Action Taken by Operators: 


Immediately following the November meeting with 
the Conservation Board, the Pembina Operators Committee 
proceeded to formulate plans to study the conservation of 
gas. On December 6, 1955, three sub-committees were orga- 


nized to undertake the necessary studies. These sub- 


committees, together with their duties and responsibilities, 


are listed below: 
Reservoir Working Sub-Committee: This committee was 
directed to obtain the necessary reservoir data to pre- 
pare a study of gas reserves and gas production from the 
Cardium*reservoir. It was also directed to evaluate, to 
the extent possible, the effect that various pressure 


maintenance programs, currently being studied by certain 


PaAde _ ee 


ToL - . yhoemat 26 Tere, 


Sviselreseqn #e~ 11 ‘ads besecena) Rae i 
7 
pie ee 7 aeey B Jade Doaieggaes yYodD An oheatd se Gas - 


@ 


} wevewet § .ot9) tan eands ovigrzs? qi teqozy a vend) ae 7 
BA) Jedd Sew AT85oH09 ewirg art sant non Vaud 


16 so774m Of2 YhoTH Gx saH) 1s berananto le atba- a 


2 


loev @¢63ag040 af? tail’ Ssntye wow at -aadaat oa So 
. 

wiieszg #8 t€syoe sia visoimixergge wi Babe enfe cg a 7 7 

5 


sGtevibe e2eed9 ny sturtgoyve tials eS nagiagsam or = 


ae. 


‘es 1a3ersg0 ed) wader 
‘rw getdsee ssdwevel site gutwelio? ¢) etetsomet 

9s77 lege) 2y7osK seyf) MntdmeG ef) ,b94a08 AOTIbWwsesEReD oad, 
fo nossaveaséons S90 vVikude os £08! & siel ante? 62 bobs ae Rep 
‘Zico ott eestiiamas-dve serfs (fo) 96 a28ms cet 9G heal , 
-@ue sasd? .aaihs 14 9ineaesen of 3 6207 7ebnY 34 borin 
ILUTELeMO_Ges: Bod Ooi ied «dette WIiw t4d thats ose aek . 
tw ai! based ; 


ent ab3ztemeo 2147 i ee taimwodotuk prladioW show 


ag OF B1n5 ovisi*e: vrawegscen sa oinide- oy bo psaabty - 
| MOSL BORIsubosy sag bat weviger seg Iw out ken 
,-Soeulars o9 badcet!h vcbin aaw 1 evesess a ' ; 
F1IAhOsG Seo wey As BsHite ody ren 


700 94 velinse gated Urraaria LAeegorg os 


of the Operators, might have on the ultimate recoverable 


gas reserves and production rates. 


Gas Utilization Sub-Committee: This committee was 
divided into two sections, one to operate in Dallas, 
Texas, and the other section to operate in Calgary. The 
former section was directed to undertake an evaluation 
of laboratory analyses of gas and oil samples and the 
preparation of preliminary designs and cost estimates of 
process facilities. The latter section was directed to 
undertake the design of alternate plans for gathering 


and compression of the gas and the estimated cost thereof. 


Steering Committee: The prime function of this committee 
was to provide management level guidance and to co- 
ordinate the activities of the Reservoir Working Sub- 
Committee and the Gas Utilization Sub-Committee, It was 
also the responsibility of this committee to investigate 
possible markets for residue gas and liquid products and 
to interest outside parties in undertaking the conserva- 
tion of Pembina gas on behalf of the Operators. This 
committee was also charged with the responsibility of 
producing the necessary progress and final reports on 
the over-all studies to the Pembina Operators 


Committee. 
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Each of the foregoing committees was comprised 
of six to ten members representing, in total, about twelve 
Operators, which were both large and small holders of 


acreage in the Pembina Field. 


Resume of Activities: 

The Steering Committee made several contacts 
which indicated that several prospective market outlets 
existed for substantial volumes of Pembina residue gas. It 
was necessary, however, that further investigation of this 
matter be deferred, pending completion of reservoir studies 
which would reflect more accurately the volumes of gas 
which might be available for sale. For the same reason, 
investigation of market outlets for liquid products was 
deferred. 

In order for the Reservoir Working Sub-Committee 
to develop the data required by the Gas Utilization Sub- 
Committee, it was necessary that a generalized analysis of 
the Pembina Cardium reservoir be made. For the purpose of 
this study, all Operators were requested to furnish wae 
pertinent reservoir data applicable to their respective 
blocks of acreage; forecast of production and development 
rates therefor; estimate of the practical separator operat- 
ing conditions; anticipated fuel requirements, etc. In 
requesting these data, each Operator was advised that such 


data would be treated on a confidential basis. 


ees dearosd ave 
“ty nana rier tee egal , tt rry 


‘saat ene 


sais a J. 


a$cean0> iatavee slew 601s lame) gai Lewd at? ad 


e2e(425@ sedvam svi too qe19_ 1 e1489eF <3 au bet eobbes aetlhe 
o38Q Subteg) saidmes +: vauview (ei poesadae it iavalae 7 


_ 


y an 
id= Se peltagi geovei s4Po761 JO¢d , teveHod (e144 esoon raw ° 


a ' 
ikgge. SPavieds: io aaissigaos galboed ,.betce iad et was aee - 


at 25 #squtov |sf% viosaryi2e 299M Jo8T IAT BoP ihe De : 4 
~NOGoey owe ano 1949 sjac det wi@ni teva ae Teete dolde. ; 
ew asseburq biepil il tel zea *3ns40 10 -ivepisegent 
hate Mb. 
pies )-d02 gulacoV ko vakews rid «a9 Aebeo AT 
-4y% gpadiasbiict! «eo 283 va Osaiiped aiet sis yA: eee eee = 


v 
a ete phase besilwuigo)es 4 FHA! 428846 R50R AMw St , 20a amed: ' cy 
y - 
. 
Sie @asaadi oi bastesupat 2749 etosaregd lie akan feat — 

. <1 +o 


© See@cng a¢2 i0%  cbew ad Thovyehen; mush vad oes deat ads 


svizsegeos Fist <5 giWEoDi Jeg BaD iAavegest. jogasa 4 
tysaqelavah bye agiiashasg to aghnesn3 ‘$42 798020 
eiequ POT ESGSy Lesiaseig ane 3 Siintsees poe 

al. .242 ,#as@o1lwpss bout OS ahh hiad iepet 
aoa tao bsetvba eau Fora7sed dzon ie em 


atired Jslawehitona © no” 


This Sub-Committee met regularly during the 
succeeding months to make an evaluation of the gas reserves 
and rates of production under primary recovery conditions. 

On May 2, 1956, the Operators submitted to the 
Board a report on the progress made to date on their 
studies, and advised that a formal report on gas reserves 
and rates of production under primary recovery conditions 
would be submitted in August, 1956. The Board was advised 
that during the course of the current studies it had become 
apparent that the institution of pressure maintenance 
programs in the Cardium reservoir was much nearer at hand 
than had been envisioned in November of 1955. 

In, this connection, it was pointed out that, one 
Operator had requested the approval of a pressure mainten- 
ance program which was to be the subject of a public 
hearing before the Board on May 15. Another major Operator 
had drilled an injection well and was currently studying 
ljajectivity rates, while a third Operator had been studying 
the question intensively and would probably request per- 
mission of the Board to make injection tests very shortly. 

In view of this situation, the Board was advised 
that it appeared the primary recovery report would not re- 
fFlect the future production history of the Cardium reservoir 
for more than a year or so. This report would, however, 
provide a useful yardstick to measure the success of any 


major pressure maintenance program. Therefore, the Board 
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was advised that the Reservoir Working Sub-Committee had 
been instructed to follow their primary recovery study with 
another study on gas production rates taking into account 
that a sizeable portion of the Pembina Field would be pro- 
duced under conditions of pressure maintenance, and that 
completion of this second study could be expected around the 
end of 1956. 

In August, 1956, the report covering predicted 
gas production rates under primary operations was submitted 
to the Board. The report was reviewed at a meeting held on 
September 5, 1956, between the Operators and the Conserva-— 
tion Board, and a discussion was had of the work being done 
on the second report covering gas production rates under 
conditions of pressure maintenance. The Board stated its 
desire to meet with the Operators again in April, 1957, it 
having been agreed that the Operators would at that time be 
in a position to present a report showing the economic 
feasibility of gas conservation in the Pembina Field. 

The Gas Utilization Sub-Committee, pending comp- 
letion of gas production rate forecasts, concerned itself 
with the determination of gas compositions at various 
GOR's, using all available data and made arrangements for 
the collection of additional samples where deemed necessary. 
On the basis of these data, preliminary work was performed 
to determine the most practical type of processing plant to 


be employed. In addition, laboratory tests were performed 
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to determine such data as were required to appraise the 
effects of commingling natural gasoline with Pembina crude 
oil in a pipeline for movement to markets. 

In January, 1957, the Reservoir Working Sub- 
Committee completed its study of the Cardium reservoir 
under conditions of pressure maintenance and compiled year- 
by-year forecasts of gas producing rates. The Gas Utiliza- 
tion Sub-Gommittee thereupon proceeded to evaluate 
alternate plans for gathering, compressing and processing 
Pembina gas as a jointly-owned undertaking by the Operators. 
Simultaneously, all pertinent data that had been developed 
were furnished to ten (10) outside parties who had expressed 
to the Steering Committee an interest in submitting a pro- 
posal to conserve the gas on behalf of the Pembina Operators. 
In anticipation that the Gas Utilization Sub-Committee would 
complete its studies by February 22, 1957, this date was 
established as the deadline for receipt of all third-party 
proposals. Upon receipt of proposals from four (4) of 
these parties the Gas Utilization Sub-Committee prepared 
comparative evaluations of such proposals and those prepared 
by the Sub-Committee. 

These evaluations reflected that it was 
"reasonably economic" to conserve Pembina gas; and, based on 
all investigations conducted by the Steering Committee, it 


was recommended to the Pembina Operators Committee that a 
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third-party proposal for gas conservation be accepted. 

After considerable discussions at subsequent meetings of 

the Pembina Operators Committee, it was finally determined 
that Operators holding in excess of 80 per cent of the 
acreage supported the adoption of the plan recommended by 
the Steering Committee -- namely, the proposal submitted 

by Goliad Ltd. (hereinafter referred to as the Goliad Plan) > 

It should be appreciated that considering (a) the 
extreme diversity of ownership interest in the Pembina Field; 
(b) the widely different financial positions of such interest 
owners}; and (c) the many uncertainties, then existing, rela- 
tive to the types of pressure maintenance programs that 
might be placed in operation and the extent to which such 
operations might be adaptable to the Field, it was to be 
expected that opinion would differ as to which of the 
various plans would most satisfactorily meet the needs of 
the Operators as a whole. 

The following factors are considered to have been 
of prime importance in bringing about the decision of the 
Operators to adopt the Goliad Plan; 

1. Economic and Financing Aspects: 
Even though the evaluations reflected that the 
Operators might derive more revenue under a plan 
whereby the required facilities would be installed 


and operated at the joint expense of the Operators, 
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the revenue did not exceed that to be derived under 
the Goliad Plan, most economically attractive of the 
third-party plans (which required no capital invest- 
ment on the part of the Operators) to the extent 
that the large investment on the part of the Opera- 
tors was deemed justified. Further, it had been 
established that the individual financial positions 
of many of the smaller Operators, holding in the 
aggregate a sizeable interest in the Pembina Field, 
would not enable them to participate in a project 
required to be financed as a joint venture by the 


Operators. 


Flexibility: 

Having determined that an Operator-owned project was 
not feasible under the prevailing circumstances, the 
matter of flexibility of the various third-party 
proposals in meeting the operational requirements of 
the Operators was an all important factor. The 
Operators deemed it necessary that they retain full 
control over the disposition of residue gas in that 
it was impossible to ascertain, at that time, what 
quantities of residue gas might be required in con- 
nection with pressure maintenance projects which 
were still under study. That is to say, it was 


considered premature to make either a total or 
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partial dedication of their gas. Of all the third- 
party plans submitted, the Goliad Plan was deemed 
to provide the. most flexibility in this respect. 

It should be emphasized that the course of action 
adopted by the Operators in this particular instance was 
dictated by circumstances brought about by many related prob- 
lems which usually are not present,in other oil fields at the 
time a gas conservation project is under consideration. 
Consequently, the type of plan adopted at Pembina should not 
be considered “typical” of plans which might be instituted 
elsewhere. 

As a matter of fact, even in the case of Pembina, 
one operator, due to its considerable acreage holding being 
consolidated in just ome portion of the field, adopted a 
different plan for conserving gas produced in that portion of 


the field. This will be commented upon later. 


Operators Submit Gas Conservation Plan to Conservation Boards 


At a meeting held in April, 1957, the Pembina 
Operators presented a gas conservation plan (Goliad Plan), 
supported by holders of in excess of 80 percent of the acre- 
age. After reviewing the matter, the Board advised that, in 
principle, it approved the plan, however, formal approval 
could be granted only after the engineering details had been 
submitted for its review and the entire matter was made the 


subject of a public hearing. 
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The Board advised further that in view of the 
fact the proposed plan did not have 100 percent support of 
the Operators, it would be necessary to issue a gas conser-— 
vation order for the Pembina Field. They pointed out that 


the purpose of the gas conservation order was three-fold: 


1. To provide a mechanism for exempting areas where it 
could be demonstrated that it was uneconomic to 
conserve gas. 

2, ‘Yo alert all Operators of the necessity for prompt 


and effective action. 


3. To inform future new purchasers of Crown acreage of 
the conditions with regard to gas so that they could 
evaluate their position at the time of submitting 


bids on Grown acreage, 


Accordingly, on May 6, 1957, the Board issued its 
Order No. GC-4 which provided that gas conservation should 
be in effect in the Pembina Field on and after November l, 
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Board Formally Approves Gas Conservation Plan: 


Following negotiations of necessary contracts 
between the respective Pembina Operators and Goliad Ltd., 
and the finalization of engineering details and other perti- 
nent data, a public hearing was held before the Conservation 


Eoar@d°on July 235° 1957)° relative toe’ the application’ for 
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approval of the proposed gas conservation plan. As a 


result of this hearing, the Board formally approved the 


Goliad Plan by issuance of its Order No. 107, dated August 2, 
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Description and Operation of Gas Conservation Plan: 
albedo AN nc AR I ll ea a ae AS AP EASE le SRC a PO 


A. 


General 


During the initial design phases of the Goliad Plan it 

was found that due to the large areal extent of the field, 
it was desirable to divide the field into several areas 
for the gathering, compression, dehydration, and extrac- 
tion of liquids from the casinghead gas, The field has 
been divided into nine areas as shown on the attached map, 
Exhibit X - A. Eight of these areas, Area I through 

Area VIII, embracing some 216,000 acres of the Pembina 
Field, are part of the Goliad Plan. The ninth area, 

which will not be part of the discussion that follows, 
contains some 21,000 acres, and is served by separate 
processing facilities similar in physical nature to the 
Goliad facilities described hereinafter. The plan for 
conserving gas in the ninth area is a joint-venture 


project on the part of the Operators involved. 


Description of Physical Facilities: 


The number and size of the areas were chosen only after 
careful study to determine an optimum size with due re- 


gard to initial investment required and operating costs. 
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In general, the areas conform to lease ownership and 
include producing properties of comparable character- 
istics and economic life. The field gas is gathered 
at a pressure of about 30 pounds per square inch from 
some 300 batteries through a network of pipelines 
serving each of the individual area processing plants. 
Here the gas is compressed, dehydrated, and the hydro- 
carbon liquids contained therein are removed by 
refrigerating the gas. After removal of the liquids, 
the gas is compressed further to a pressure of 950 
pounds per square inch for delivery to a transmission 
line and/or return to the reservoir for recovery of 
additional oil. 

The liquids, after removal from the gas, are pumped 
into a liquid gathering system, serving each of the 
areas, for delivery to a central liquids fractionation 
plant fer further processing. 

At the central fractionation plant, the unstabilized 
liquid stream is fractionated into saleable products 
of propane, iso-butane, normal butane, and a low vapor 


pressure natural gasoline. 


Area Stations 


The area processing plants vary in individual size from 
a small station having 3 compressor units, totalling 
1980 horsepower, and 12.2 miles of gathering lines hand-~ 


ling about 6,000 MCF/D of gas to a large station having 
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6 compressor units, totalling 3960 horsepower, and 
56 miles of gathering lines handling about 14,000 MCF/D 


of gas. The eight area processing plants together haves: 


Ret DE Compressor Units! . es «ss Pe 
Installed Horsepower . e« « o o e 21,780 
Size of Gathering Lines . .« 2 e« o 5 | of tnt eA 
Length of Gas Gathering Lines . . 270 miles 


The gathering lines, if combined into a single line, 
would approximately extend from Calgary to Edmonton and 


back to Red Deer. 


Liquid Gathering System 


The liquid gathering system consists of 43 miles of 
3-inch to 6-inch lines with major river crossings on 


both the Pembina and Saskatchewan Rivers. 


liquid Trunk Line 


A liquid trunk line is to be constructed from the cent- 
ral fractionation plant to a loading rack which is to 
be located at a rail siding within 45 miles of the 
Pembina Field. It will be used to transport the pro- 
pane and butanes to the loading rack for movement to 


market. 


Operation of the Goliad Plan 


Basically, the Goliad Plan provides for a third party 
to finance, design, construct, and own all of the faci- 


lities required for the conservation of gas in the field, 
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and to lease a portion of these facilities to the 
Operators for their use. 

More specifically, the Goliad Plan functions as follows: 
(a) The fractionation plant, the liquid gathering 
system to the plant, and the liquid trunk line is being 
financed, designed, built, owned and operated by Goliad 
Oil and Gas Company; 

(b) Each gathering area facility is being financed, 
designed, built, and owned by a wholly-owned subsidiary 
of Goliad Ltd. and leased to the Operators within the 
individual gathering area, jointly and severally, and 
will be operated at cost by such subsidiary for the 
account of the area Operators. 

(ec). The lease’of the gatheringsarea facility is for a 
termeof 18 years. For the tfirst 10 yearns the sannual 
rental will be equal to the income tax depreciation plus 
interest at 8% on the unamortized balance. For the 
remaining 8 years the rent will be sufficient to retire 
the balance of the cost in equal installments plus 
interest at 8% on the unamortized balance. The Opera- 
tors in the respective areas cannot terminate this 
lease and are obligated, under any circumstances, to 


pay over the term thereof the rentals specified therein. 
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(d) The Operators in the individual gathering area at 
the end of the 10 years have an option to purchase from 
Goliad Ltd. the stock of the subsidiary owning the 
gathering area facilities. 

The unstabilized liquids recovered in the area facility 
are sold to Goliad Oil and Gas Company for further pro- 
cessing and resale. For a period of fifteen years, the 
revenue to the Operators from the sale of liquids is 
determined by a formula based on the net re-sale value 
of all liquids recovered, the total gallons of liquids 
sold from the area, the total gallons of liquids sold 
from the entire Pembina Field, and until payout of the 
fractionation plant the receipts from a processing 
charge of 2k&¢/MCF of residue gas available from the 
gathering area facility. The formula is devised so as 
to return to Goliad Oil and Gas Company an essentially 
uniform annual income sufficient to retire in 5 years, 
after income taxes, its total investment in the central 
fractionation plant, liquid gathering system and liquid 
trunk line, together with all operating expenses. 
During the next 10 years, this annual income to Goliad 
is guaranteed by the Operators to the extent that said 
income is available from the sale of liquids. That is 
to say, Goliad will retain whatever portion, up to 100% 


of the revenue derived from the sale of liquids that is 
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necessary to maintain its established annual income. 


After the 15th year the net profits from the fractiona- 


tion plant will be split 50-50 between Goliad and the 


Operators. 


The residue gas available from the gathering area faci- 


lity remains the property of the individual Area 


Operators to dispose of in whatever manner they deem to 


be in their best interests. 


1% Costs 


Summary of Estimated Costs and Production Figures 


The cost of the Goliad Plan for conserving Pembina 


gas is estimated to be about $18,150,000. This 


estimate is divided as follows: 
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Central Fractionation 

Plant, Liquid Gathering 

System, and Liquid 

COUR K Lie: «os «6 sw -s. « $ 4,250,000 


$ 18,150,000 


Production 


During (he first full year of operation, 


be 1959, it is estimated that the gas conservation 


facilities will process the following production: 


Field Gad. 4s « 2 + 4 4 839750 MCF/D 
Residue iGasiinte« « + « « 67,5500 MCF/D 
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It should be emphasized that production during the 
initial year as well as subsequent years, will be 
determined primarily by the allowable oil producing 
rates and the effectiveness of the pressure mainten- 


ance projects instituted. 


Disposition ot rreaducti on 

1. Residue Gas 
The gas is to be sold to the Alberta and Southern 
Gas Company under a long term contract. Under the 
terms of this contract the gas will be made avail- 
able to Northwestern Utilities Limited to serve 
their markets in the Edmonton Area, until the 
Alberta and Southern project is underway. However, 
should the Alberta and Southern project fail to 
materialize, said company may either continue to 
purchase the gas for resale to Northwestern Utilities 
or assign the contract to that company. 
Northwestern Utilities is in the process of laying a 
line into the field and will gather the gas from each 
of the area processing plants and the central liquids 
fractionation plant for the account of Alberta and 
Southern, 


42- hLigeid Product's 


It is contemplated that the propane and butanes will 


be moved to market by either rail or truck; whereas 
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it is anticipated that the natural gasoline will 
be pumped into the crude oil pipeline system for 
delivery to a purchaser, 

The ultimate market disposition for these products 


Lo sAGeE AsStertainable at this tine. 


ESTIMATE OF REVENUES 

A general idea of the financial aspects of the 
gas conservation project may be obtained from the results of 
economic studies that have been made. On the basis of these 
studies it is estimated that the project will generate a 
total of $66,793,000 from the sale of residue gas and liquid 
products, This income will be divided between the Operators 
and Goliad. Goliad will receive $21,480,000 gross, and the 
Operators will receive $45,313,000 gross. The Operators, 
from their share of the gross income, will be required to 
pay operating expenses and facility lease rentals.amounting 
to $28,995,000. The net income to the Operators, before 
income taxes and royalty, will be $16,318,000. 

An investigation was made to see what effect a 
depressed market in propane and butanes might have on the 
economics of the project. In this instance, it was assumed 
that only 75% of the propane production and 50% of the 
butanes production in the first year could be sold. It was 
further assumed that these sales quantities could be 
maintained during subsequent years, which, in effect, rep- 


resents an increasing percentage of the plant production in 
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succeeding years. Under depressed market conditions, the 
total revenue would be $63,851,000; a decrease of 

$2,942,000 -- all of which comes out of the Operators’ in- 
come. Since there would be no reduction in operating 
expenses, this would result in a net income, before income 
taxes and royalty, of only $13,376,000. It can be seen that 
should such a depressed market for these products prevail, 
the Operators" net income, before income taxes and royalty, 


would be reduced by 18 percent. 
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PEMBINA GAS CONSERVATION PROJECT 
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Summary 


In summary, this brief has set forth the 
general history of the discovery and development of the 
Pembina Field and has dealt with the leasing pattern, with 
the construction of facilicies, reservoir performance, 
matters of primary and pressure maintenance recovery of oil 
together with the problem of conservation of gas. 

Throughout the brief, cost figures have been 
presented for the various phases of the operation. These 
in the aggregate present a huge total and, for convenience, 
are here recapitulated. It must be borne in mind that these 


, 
figures, which are estimates only, are rounded into millions. 


Costs in Millions 


As Direct Cost to Operators 
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The aforementioned costs are computed to 
31 December, 1957, and will undoubtedly be increased, par- 
ticularly as regards the land acquisition costs, which are 
estimated ata further 15 million dollars, further develop- 
ment costs at 40 million dollars, and the pressure mainten- 
ance costs estimated at a further 64 million dollars. In 
addition, a new gas line to the City of Edmonton will be 
constructed at an estimated cost of 16 million dollars. The 
ultimate expenditure by the Operators is therefore indicated 
to be approximately 675 million dollars. 

Through the foregoing expenditures, it is esti- 
mated that there will be a total ultimate recovery from the 
Pembina Cardium reservoir of between 500 million barrels 
and 875 million barrels of oil over a total life of some 
18% te 38% years, 

In view of the variations in the reservoir condi- 
tions the financial rate of return to the various Operators 
will be both less than, and in some cases greater than, that 
indicated for the typical tract in the foregoing part of the 
submission. 


All of which is respectfully submitted. 
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